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2.2 Tokcti R-otation Tittic 
,. I lie clcccnlrnlizctl ;LC.C.(~SS irirrcIia.riisiii (,r x ~.ok(:rl ring prol.ocoI can placc lirnihtions 
on how long n station h a s  access to llic ric:I.work oiicc i I ,  oliI.nins tlrc tokcn. Thc 
/ \  . 
c. 
3 Impact of ToIten Rotation Time 
Jolinsori[8] provitlcs aiiillysis coiicc*rtiitig l , l i c *  t.itiiiiig rcyiiircinciils o l  I71)I)l for bol.11 
tlie iclcal xiid 1.1ic noi i - i~ lca l ( i t ic lr i~ l i i i~  ovc-rlicad) casts. For llic itlcnl CIZFC, tltc I.okcn 
can always bc grinratilcctl l o  rcliirii to llic st.,it.ioti w i l l i i t i  2 + TOPR whcrc I 'OPR is 
tlic ciirrcnl. opcrnliiig valric of 1lic '/*'l'l?'l'l wi t , l i i i i  wliicli tlic tokcti sliould rclurn. For 
C X . ~ T l p l c ,  i f  llic cirrrcrilly ncgolixlml valric t)l T O P R  i s  125 pxconds, I.licti lhc token 
can orily I>c grtararit.cc~I LO rct,iirti williiii 2.50 psccottds. 11. would nppcnr lltcn that 
otic worrlrl sirriply iicgo1,inI.c for ow-half or 1.1ir- tlrsirctl '/"I'l?T and llicri tlic propcr 
avaiIa1)ilily o l  1,lic tokcti coiiltl l)c assiircfl. [:or rrasotis of innximizing iililiznlion o l  

f 

'rlic dynamic comporictiI, is  dct,.criiiiii(d hg tlic nrirribcr of nodcs wliicli capturc 
tlic tokcn. Each lime llic tokcn is cxpt.tirctl, (.licrc is  a i,ransniitLcr idlc dclay and a 
rctrnnsniission o l  1.1ic t,okt:ii. 11, is 1)ossihIc ~.lixt, x riotlc can I.rnnsmit mulliplc packcls 
for n single Lokcii cxpt,iirc. ll cacli iioclc cal)t,tiriiig 1 . 1 1 ~  tokcn ~ransmils twicc as many 
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5.1 Destination Triscrt, i o i i  
Figiirc 2 illiisI.ratcs t.lic r c n i o v d  of  1 . 1 1 ~  r i i c ' s s n p  c7 1. I.lic rcccivrlr. Ir i  I.hc sccoritl parit, 
of lhis diagtatn, i\lSC; - 2 tias rcnclictt t.tic rIcsI.itia.liori iiotlr: xritl i s  nl>oiiI. to a r r i v c  
1)nck 1.0 tlic original sciifI(*r, iio(Iv (1. It. I ins 1)tu-n slintlccl 1.0 cinpliasixc that I.hc slot. 
is only dclivcritig an ackiiowlctlgiriciit ;Lri( l  t.Iia1 tlic capacity ol lhc rictwork is 1\01 
Ix3rig iiscd in a n  optirnal fas]iimi. Iii t.Iiis case tlic slol. coitlrl have hccn uscd by nodc 
2 to transmit tlic tiicssagc to  iiocic: 3. I.c., lwo riicssagcs coiild Iinvc bccn dclivcrcd 
instcad on oric with t h i s  pi~ckct-slol.. 
Figiirc G tlcpicts tiotlc 2 rciiioviiig I,lic riicssagc Trot11 riotlc 4 and XI, thc snmc liinc 
iiiscrliiig its mcssagc to riotlc 3 .  I I I C  rcri ioval  of t . 1 ~  h k c r i  at  riodc 1 and transmission 
of tlic mcssagc froin iio& I 1.0 tiotlc 5 is iiiia(rcct.cd hy th is  sqitccxitig of tlic mcssagc 
from nodc 2 to nodc 3 into ~Iic l.rait1 of ~nckcts. 'rhc sqttcczctl data can not, he 
longcr than tlic mcssagc which it is rcplacing. 
Desfinafiorr inscrlion works  as follows. Wlicri a iiotlc trnnsti1il.s a mcssagc on the 
iictwork, tlic nicssagc proccctls iiiitil i t  rcaclics its <Icslitiat,ion. A 1  Ilia1 point it is 
niarkcd as rcccivcd and tlic slot coritainirig ~Jic rncssngc is avaiInl>lc lor lurthcr use. 
A s  long a. tlic slot is or1 t l ic ring, it. cati Iw iisccl t,y otlicr tioclcs. This raises two 
addilional qiicstiotis: 
,. 
5.3 Objcctivc 
5.4 Advantagcs 
One niigliL assume tIrat L I I C  circct of d c d i r i d i o r i  irrsertiott would bc Eirnply to providc 
for an incrcasc i n  tliroiiglipiil. a t  high loath aiicl Iiitvc littlc cffcct a1 low loads. 
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3. khcrc is 110 pnckct in  t l ic  cliiciic (wliicli this nrinlysis is  ignoring). 
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5 .  G 0 vera 11 e ffec t ivo 11 css 
A simulal.ion rnotlcl of FDI>I, w r i l k r i  i r i  Siinscripl., h a s  Iwcii clct.c:lopctl on S u n  work- 
stations in orclcr lo tcst. pcrforiiiaiicc issiics. A niotli(ical.iori was inntlc lo 1 . 1 1 ~  moclcl 
1.0 allow for thc iiicorpornI.ioii of rlc.c/inn/iott  inscrliorr. It sl~oriltl bc iiot,cd Llint llic 
frill ndvniitxgc of lliis I,ccIiiii(lii(- uai i  iiot I ) ( *  s w i i  i n  llicsc rcsri1I.s I)ccxiisc of an incoil- 
sistcncy in llic original clvsigii of 1.11c- iiioclcl arid tlic clcsiEii ncccssxry for cfcslinnlion 
inscrlion. A iicw modcl wliicli will Ijc risctl lo show llic l i t 1 1  potcntial impact for 
FDDI is undcr dcvcloprnciil.. ‘l‘lic rcsiilts shown arc a conscrvalivc cstimalc of lhe 
effect. 
A niirnbcr ol Lciiclits nrisc f r o i i i  rcrnovnl of llic rncssagc id. clcslinaliorl and rcusc 
of thc slot, thc first t.wo of wliicli arc iiivcsl.igxtcd in lliis papcr. 
' I ' I I  rollgllp~l 
Factor 
4 - o ,,?> .. - . 6. .:: ............. <:.' 1.: 
,, 0.. 
:I. ' I ' l i c  cxl,crisil)ilil.y o f  a11 1~111>1 i i c t w w k  is iricrcasctl. Oric: of t l ic  major limita- 
tions of cstciitliiig nri FDII I ring i s  Llic lnrgc propagatioii dclaps cxpcricnccd 
w total network disI,ancc incrcascs. 'I'licsc csI,rn slots will providc additional 
opportiinitics for 1.r-arisrnissiori I)cyoiifl 1,Iic 1.okcii arrivals, dccrcasing ~ C C C S S  
( I  cl ay. 
'rlic ccTcct of ~ C C C S S  clcixy rvltcrc load is Icss tlinri 100% is shown in Figures 8 
and 9. T'I'IZ7' is scl. to 5 tiis, iic!t.work rnt.c( /{) a!. 100 Mhps, pnckcl Icngtli(P) is 
tixcd at 5000 bits. Fig~irc s sliows Iiow rciriovnl a.lrccls I.lic 10 riodc CMC. Figurc 
9 incotporatcs tlic rcmoval vs rioti-rcmovnl for 10, 50 and 100 nodcs. Notc that i n  
evcry instance using tIic dcs/. i t tnliotl  i t ~ s c r ~ i o t r  tccliniqtic, acccss dciay ab 100% load 
is comparablc to accc-!s clclay at w r y  low lontls. I t  sliould also IC rioted that these 
ruris Iiavc not rcaclictl tIrc assiIrnpI.iolI inad(: in thc ntinlysis that all nodcs llavc data 
in  tlic quciic; Iiowcvcr, 1.11c iTcct. is st.ill significant.. 
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iii1)1(~ii"!iil~.I.ioii r I.liis frcIiiii(1iic is I I O I .  w i I . l i o i i 1 .  ;I. rosl., I~ i i l ,  t h  COSI. is x iioniiiixl 
First, tlic rcccivcr i i ir isl .  I ) ( :  nl)lc 1.0 rccogtiisc I,lic tlcstinnt.ion adtlrcss and 
tlic pxckct, as tlc1ivr:rctl. Sccoii(l, 1 . 1 1 ~  rnnrkirig of lhc packel musl be in such 
rt ma.tincr c7.s to allow for ol,licr norlcs to clcl.t:rinitic that, llic packct has already 
rcaclicd tlic tlcsI,inaI,ioii. I'hcing tlic: Iicadcr n ~ .  I,lic bcgiiining of Lhc packcl, allow 
lor intcrprchtioii o l  1 . 1 1 ~  soiircc a ~ i d  csI.irixI.ioii. 'l'liis woirld tnnkc it possible lor x 
rcccivcr l o  cicI,crtriiiic il t . 1 1 ~  oiickc:l, I r a t l  aln-mly I)ccii clclivcrcd, h i t ,  tlic proccss of 
making tlic dccisioii woiild I)(: siiiiplcst i f  tlic rcccivcr rnarkctl a 1 hit slot at tlic crid 
of tlic Iicadcr Lo iii(1icalc ~~l i , -~ . l~  tlic packcl I i x l  I x x n  rcccivcd. AI1 subscqricnt, noclcs 
woiild rccognizc this siriiilnr lo rccogniziiig tlic lokcii and transmit thc data. 
Tokcn rings allow ~ h c :  origi1ia.I rricssngc 1.0 propa.gaI.c I)nck 1.0 tlic scndcr bcforc 
lxiiig rcrnovcd. I his provitlcs mid ;I.c.kriowlc,tll;ciiicirl. inccliairisrn llinl llic rncssagc 
11;~s I~ccti dclivcrctl niirl l ias r.irciiia~.ctl nro~iiirl t . 1 ~  ring corrcdy. IIowcvcr, rcccipl of 
I J ~ C  original nicssagc is riot required. Many prol.ocols only rcqrtirc an nckiiowlcdge- 
incrit of somc I.ypc from IJIC rcccivcr. rl'lris can IIC tlotic mucli morc cficiently that 
iisirig 1 . 1 1 ~  crttirc packcl, dol for  a.cktiO\vIC~II;iiiCiit.. If siifticicnI. room is lcft at tlic crid 
ol llic packcl, llic n~kiro~~~Ictl~,ci~icnl. from 1 . 1 1 ~  rcccivcr can Lr: accornrnodnlcd. This 
woirlcl rcqiiirc an adcii t , io i i i i I  Iic:xtlcr/I.r;I.ilcr cotnl~irrxtioii for tlic rciisc of tlic pnckct as 
sliowtr i n  17igurc 10. 'J'lic ri t i tnl~cr of tlicsc cxl.ra lica(lcr/lrailcr combitiations would 
bc cqrral to tlic riumlicr of 1,irncs of cxpcctcd rcusc of tlic packcl. Of coursc, in lhe 
bcst case, all nodcs would wail1 to IISC tlic dol  rcqriiring N x (Ptrn;ler t &=der) over- 
hcacl, an unacceptabic pticc l o  pay. IIowcvcr, a valuc closcr to llrc nvcrngc number 
o l  uscq of t.lrc slot COUM I)c iiscd. For cxaiirl)lc, if  on tlic nvcrngc for A givcn number 
o l  riodcs, tlic packct woulcl I)c used 3 I,irncs, tlic ovcrlicnd of 3 packct/trnilcr cnlries 
wo~rltl bc a rcasorinl)lc otic. 
,. 
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,. I liis pa.p:r lias s l i o w i i  so i i iv  of 1 . 1 i c  l i i i i i~.a.~,iotis  o r  1:l)I)l.  'I'liosc liiniI.nI.ions arc 
s1,roiigly a. fiiricl.ioii of  i i i i i i i I ~ ( - r  of iiotlcs nricl riclwork (Iishiicc. A IrxdcoK cxisls 
Idwccn r I i ax i i i i i i i i i  ii~.ilizid,ioii aricl t11c iictwork acccss a s  clclcrriiiricd I>y llic TTIIT. 
il,ct,urn of I.hc I.okcri wi t l i i n  a i 1  a.vc:rn.gc spccifictl tiiiic cari I J C  gunrmlccd buI, USC of 
llic lokcri cnnriot. I t  11a.s Ixcii sliowri lliat, scttirig '/'TI?.T lowcr rcduccs ulilizalion. 
ltcduccd iitiliznI,ioii i r i  t i i r i i  will inct.cnsc xcccss tlclay, thc rcvcrsc ol tlic dcsired 
crTcct. 
Scnlnbi1iI.y of I~lIllI i i i  I.lic 5OO iimlc, 5Ol<iii rmgc iip lo gignbil spec& is not 
willioiit soiiic pro~)oI~.ioiiaI I O F S  i n  pcrforiiiaricc. Siiiiply iiicrcasing tlic lransmittcr 
sl,cctl hy a. ia.clor d I.cii tloc:s r i o ~ .  ~,ra.iisIa.t,c dircct.ly i1it.o lwiiig ablc t.0 dclivcr h i  
linics tlic data \ v i l l i  siini1a.r a.c.ccss tlclnys. 
Oiic rnctliod of iriiprovilig t l ic cx(.cnsiiiIily of FIIDI is to rcniovc pxckcts at tlic 
rlcslina.bioii xiid rnnkc tliosc packc~s nva.ilnh1c for rciisc as 1.licy continue circulating 
around I.lic riiig. i l i is Iias l)ccri sliowri 1.0 haw a11 cl.u~~cc~.c)d incrcasc oC ovcr Iw icc  
lllc ca,i)a.ciI,y of tlic i i c ~ , ~ v o r k  i r i o i ~  1.1ia.11 20 tiodcs wlioii 1 . 1 1 ~  iiclwork is fully loxdccl 
arid lo rcclticc ;I(:ccss (Iclay iii casos wlicrc 1.1rc network is lcss tliaii fully loadcd. 
I .  
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